Transdermal iontophoresis of insulin: III. Influence of electronic parameters.
Transdermal iontophoresis is a physical enhancement strategy primarily for charged molecules and offers a number of advantages for the delivery of peptides and proteins. The singular advantage of iontophoresis lies in the precise control of dose by manipulating the current protocol. The objective of the present investigation was to understand the role of electronic parameters on iontophoretic transport of large peptides using insulin as a model peptide. Ex vivo permeation experiments were conducted using excised rat skin and the influence of varying current strengths, duration, on/off ratios and switching iontophoresis on insulin permeation were studied. High performance liquid chromatography (HPLC), polyacrylamide gel electrophoresis (SDS-PAGE) and thin layer chromatography (TLC) were used to assess the electrochemical stability of insulin; while Fourier transform infra-red (FT-IR) spectroscopy and thermogravimetric analysis (TGA) were used to understand the biophysical changes in skin during iontophoresis. The permeation of insulin was found to increase as a function of current strength and duration of current application. Skin barrier integrity and electrochemical stability of insulin was dependent on the charge applied during iontophoresis. FT-IR spectroscopy and TGA studies showed that the skin hydration increased with increase in the charge applied and thus facilitated the transport of insulin. Periodic iontophoresis did not show any significant difference in insulin permeation compared with continuous current application; 1:1 on/off ratio resulted in higher amount of insulin permeation, while flux was highest with mixed duty cycle. Switching iontophoresis was useful in reducing the pH shift and in improving the electrochemical stability of insulin at pH 3.6 and 7.4, respectively. The electroosmotic flow was influenced by the pH of the donor medium, as well as by the electrode polarity during switching and non-switching iontophoresis. Overall, the study demonstrates the issues related to the optimization of electronic parameters for the iontophoretic delivery of a large peptide.